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B Introduction

With the wide use of electromagnetic
products, electromagnetic radiation and
electromagnetic compatibility problems
will pose more and more harm to the hu-
man body, which will attract more and
more attention. Thus, exploring efficient
electromagnetic shielding or absorbing
materials will be the top priority for elec-
tromagnetic research [1-2]. In addition,
the study of electromagnetic shielding
or absorbing materials to improve the
safety and reliability of electronic prod-
ucts, ammunition, fuses, precision elec-
tronic weapons and equipment, and so
on, as well as to ensure personal safety
and that communication and weapon sys-
tems remain open will assume great sig-
nificance [3-7]. The dielectric properties
and conductivity are the key indicators in
determining the absorbing performance
or shielding effectiveness, therefore they
are important parameters in studying the

LiuY, Wang C, Ma Y, Liu Y, Wu H, Zhao X. Study of the Dielectric Properties and Conductivity of Double Coated Glass Fibre Felt Composites.

Study of the Dielectric Properties and
Conductivity of Double Coated Glass Fibre
Felt Composites

DOI: 10.5604/01.3001.0014.8233

Abstract

Graphite/talcum powder double-coated glass fibre felt composites were prepared using glass
fibre felt as the base material, graphite as the surface absorbing agent, talcum powder as
the underlying absorbing agent, epoxy resin E44 as the adhesive and low molecular 650
polyamide as the curing agent. The influences of the surface graphite content and under-
lying talcum powder content on the dielectric properties and conductivity of glass fibre felt
composites were the main focus of the investigation. Results showed that when the frequency
is less than 10° Hz, the values of the real and imaginary parts of the dielectric constant for
double-coated glass fibre felt composites are largest when the surface graphite content is
50%. When the frequency is larger than 10° Hz, the value of the real part of the conductivity
is largest when the graphite contents are 40% and 50%. When the frequency is less than
104Hz, the real part of the dielectric constant of the glass fiber mat composites is the largest
when the talc content is 40%, and when talc content is 60%, the imaginary part of dielectric
constant of glass fiber mat composites is the largest. The maximum loss tangent value for the
composites occurs when the talcum powder content is 40%. When the frequency is larger,

the value of the real part of the conductivity increases gradually.

Key words: graphite talcum powder, glass fibre felt, dielectric constant, coating.

electromagnetic properties of materials
[8-11]. The dielectric constant is one of
the most important electromagnetic pa-
rameters of absorbing materials. It is the
value of the ratio of the situation of a sub-
stance serving as a dielectric substance
and the situation of the vacuum serving
as a dielectric substance at the same
capacitor, which is expressed with &.
The dielectric constant characterises the
ability of accommodating induced polar-
isation charges for dielectric materials,
and macroscopic quantities characterise
the polarisation properties, whose value
mainly depends on the complexity of
the polarisation process in the electric
field stimulation [12-13]. Conductivity
is a measured value showing how strong
or weak the ability of materials to trans-
fer current is. When a voltage is add-
ed across both ends of a conductor, the
charge carriers will cause the occurrence
of flow in a certain direction, thus gener-
ating electric current.

Graphite is one of the allotropes for car-
bon as an element and belongs to the
category of absorbing materials showing
conduction loss. The absorbing mecha-
nism works when the material is influ-
enced by the interaction of the external
magnetic field. The conductive absorb-
ing material produced induces current in
the conductor, which produces a magnet-
ic field in contrast to the direction of the
external magnetic field, which is offset
by the external magnetic field [14-15].
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Talcum powder has physical and chem-
ical properties such as lubricity, sticky
resistance, aiding flow, fire resistance,
acid resistance, insulation, a high melting
point, chemical inertness, good covering
power, softness, good gloss and excel-
lent adsorption forces, due to its crystal-
lisation in a layered structure, and thus
tends to easily split into flakes and pro-
vides special lubrication. Talcum powder
shows inertness towards most chemical
reagents, including not decomposing in
contact with acids, is a poor conductor of
electricity, and shows low thermal con-
ductivity and high thermal resistance, for
example, not breaking down when heat-
ed to as high atemperature as 900 °C.
The main constituent of talcum powders
is hydrated magnesium silicate. In the
presence of an external electric field,
magnesium ions and silicate ions will
produce the polarisation phenomenon,
giving rise to a level of shielding and ab-
sorbing performance.

In this investigation, graphite/talcum
powder double-coated glass fibre felt
composites were initially prepared us-
ing glass fibre felt as the base material,
with its good thermal protection and
mechanical properties, graphite as the
surface absorbing agent, and talcum
powder as the underlying absorbing
agent. The influences of the surface
graphite content and underlying talcum
powder content on the real and imag-
inary parts of the dielectric constant,
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Figure 1. Test cell of dielectric spectrometer.

loss tangent value and real and imag-
inary parts of the conductivity of glass
fibre felt composites were the main fo-
cus of the investigation.

B Experimental

Main materials and reagents

Glass fibre felt (gram weight — 550 g/m?,
thickness — 6.15 mm), provided by Si-

Functional particle

=

Stirring

E44 epoxy resin

down

Figure 2. Preparation process of coating.
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chuang Glass Fibre Co., LTD in Zibo;
graphite powder, provided by Dengke
Chemical Reagent Co., LTD in Tianjin;
talcum powder, provided by Dingsheng
New Chemical Co., LTD In Tianjin; an-
hydrous ethanol, provided by Wind Ship
Chemical Technology Co., LTD in Tian-
jin; E44 epoxy resin, provided by Assets
Management Co., LTD of the China pet-
rochemical group; 650 polyamide resin,

Stirring

provided by Wuhui Harbor Adhesive
Co., LTD in Hangzhou.

Test of dielectric properties
and conductivity

Dielectric properties can indirectly reflect
the absorbing properties of materials. In
accordance with the test method of GB/T
5597-1999 microwave complex dielectric
constant of a dielectric solid, the dielectric
constant, loss tangent and conductivity of
the graphite/talcum powder double-coat-
ed glass fibre felt composites were eval-
uated under conditions of constant tem-
perature and humidity (20~22 °C and
64%~66% RH) using a BDS50 dielec-
tric spectrometer (German Novocontorl
Gmbh Company) and No. 3 electrode
(R=30 mm in diameter). The test cell
of the BDS50 dielectric spectrometer is
shown in Figure 1 [16-19].

Preparation process for double-coated
glass fibre felt composites

(1) A certain amount of adhesive (E44
epoxy resin) was poured into a beaker,
a suitable amount of diluent (ethanol)
added, and then stirring was undertaken
until mixed evenly.

(2) An absorbing agent (talcum powder)
was added to the above mixture, which
was then stirred until mixed evenly.

e
@

Coating )
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(3) Acertain amount of acuring agent
(650 polyamide resin) was added to the
mixture in proportion, and then stirring
was undertaken for 15 minutes until
mixed evenly; at this point, the prepa-
ration of the underlying talcum powder
coating agent was completed.

(4) Glass fibre felt was fixed on an
LTE-S87609 coating machine (Swiss
Werner Mathis Company), and the under-
lying talcum powder coating agent was
coated on the glass fibre felt. The thick-
ness of the underlying talcum powder
coating was 0.5 mm.

(5) Stoving. The preparation process of
the coating is shown in Figure 2.

(6) In the same way, the glass fibre felt
coated by the talcum powder coating
agent was fixed on the LTE-S87609 coat-
ing machine (Swiss Werner Mathis com-
pany) and coated with a graphite coating
agent fibre. The thickness of the surface
graphite coating was 0.5 mm.

(7) After storing, the preparation of the
graphite/talcum powder double-coated
glass fibre felt composites was complet-
ed. A structural model of the composites
is shown in Figure 3.

M Results and discussion

Influence of the surface graphite
content on dielectric properties
and conductivity

Six samples of the graphite/talcum powder
double-coated glass fibre felt composites
with different contents of graphite (sur-
face coating) were prepared. The thick-
ness of talcum powder was 0.5 mm and

Figure 3. Structural model of composites: 1 — Base cloth, 2 — Talcum powder ( underlying

coating) & 3 — Graphite ( surface coating).

its content 30%. The thickness of graphite
was 0.5mm and its content was 0%, 10%,
20%, 30%, 40% & 50%, respectively.

The dielectric constant is one of the most
important electromagnetic parameters of
absorbing materials, and it is the value of
the ratio of the situation of a substance
serving as the dielectric substance and
the situation of a vacuum serving as the
dielectric substance at the same capac-
itor, which is expressed by €. The die-
lectric constant characterises the ability
of accommodating induced polarisation
charges for dielectric materials, and the
macroscopic quantities characterise the
polarisation properties. Its value mainly
depends on the complexity of the polar-
isation process in electric field stimula-
tion, where the more material, and more
polarised and induced charges in the ex-
ternal electric field, the larger the value
of the dielectric constant and the smaller
the vice. The dielectric constant is usual-
ly expressed as € =¢' — je", where €' is
the real part of the dielectric constant and
¢" the imaginary part, which are the mac-
ro parameters of the polarisation charges
and dielectric loss. The real part of the
dielectric constant represents the ener-

gy storage of materials in the exchange
of the dielectric substance, while the
imaginary part shows the energy loss in
the electric field. The energy loss can be
understood as being caused by the induc-
tion electric dipole moment, producing
arelative displacement in the interior of
the material.

The loss tangent of materials, tand,
characterises the capability of absorb-
ing waves and attenuation, where the
larger the value of the electromag-
netic loss tangent, the better the ab-
sorbing performance of the material.
In Tand = tande + tandm &"/&" + p"/W,
tande is the electric loss tangent and
tandm the magnetic loss tangent.

As can be seen from Figure 4, when the
frequency is less than 103 Hz, the value
of the real part of the dielectric constant
for graphite/talcum powder double-coat-
ed glass fibre felt composites decreases
with increasing frequency. The value
of this constant is largest when the sur-
face graphite content is 50%, and the
next highest values are when the surface
graphite content is 30% and 40%, respec-
tively. When the frequency is between
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Figure 4. Influence of surface graphite content on the real part of  Figure 5. Influence of the surface graphite content on the imaginary
part of the dielectric constant.

the dielectric constant.
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Figure 8. Influence of the surface graphite content on the imaginary — Figure 9. Influence the talcum powder content on the real part of
the dielectric constant.

part of the conductivity.

103 Hz and 107 Hz, the values of the real
part of the dielectric constant are almost
the same, which means that the graphite
content has little influence on this con-
stant. As can be seen from Figure 5, when
the frequency is less than 103 Hz, the
value of the imaginary part of the dielec-
tric constant for graphite/talcum powder
double-coated glass fibre felt composites
decreases with increasing frequency; the
value this constant is largest when the
surface graphite content is 50%, and the
next highest values are when the surface
graphite content is 40% and 20%, respec-
tively. When the frequency is between
103 Hz and 107 Hz, the values of the im-
aginary part of the dielectric constant are
almost the same, which means that the
graphite content has little influence on
this constant. As can be seen from Figu-
re 6, with increasing frequency, the loss
tangent value for graphite/talcum powder
double-coated glass fibre felt composites
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increases first and then decreases; when
the graphite content is 40% and 50%, the
loss tangent value is the maximum.

Graphite is one of the allotropes of car-
bon as an element, whose arrangement
comprises multiple hexagons in a honey-
comb pattern, combining covalent bond
and forming covalent molecules. Because
each carbon atom will emit an electron,
electrons can move freely, thus graph-
ite belongs to the conductive bodies.
The distance between the layer and that
of graphite crystal was about 340 PM,
which was bigger, relying on the van der
Waals force; namely, the substance be-
longed to molecular crystals between the
layers . However, due to the combination
between carbon atoms on the same sur-
face layer being very strong, which was
very difficult to break, the melting point
of the graphite was high and the chemical
property stable. The graphite belonged to

the absorbing materials of conduction
loss, whose mechanism was that when
the material was influenced by the inter-
action of the external magnetic field, the
conductive absorbing material produced
induced current in the conductor, which
produced an magnetic field in the oppo-
site direction of the external magnetic
field, which was offset by the external
magnetic field.

As can be seen from Figure 7, when the
frequency is less than 10° Hz, the sur-
face graphite content has little influence
on the real part of the conductivity for
graphite/talcum powder double-coated
glass fibre felt composites, and the value
of the real part of the conductivity was
almost zero. When the frequency is larg-
er than 10° Hz, and when the graphite
content is 40% and 50%, the value of the
real part of the conductivity is largest,
which suggests that the energy dissipa-
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Figure 12. The influence of the talcum powder content on the real

part of the conductivity.

tion is larger. As can be seen from Figu-
re 8, when the frequency is less than 103
Hz, the value of the imaginary part of
the conductivity remains virtually un-
changed, and that of the conductivity is
almost zero. The surface graphite con-
tent has little influence on the imaginary
part of the conductivity for graphite/tal-
cum powder double-coated glass fibre
felt composites. When the frequency is
larger than 103 Hz, the decrease in the
value of the imaginary part of the con-
ductivity of graphite/talcum powder
double-coated glass fibre felt composites
is most pronounced when the graphite
content is 50%, which means that the en-
ergy conversion is highest.

Influence of the underlying talcum
powder content on the dielectric
properties and conductivity

Seven samples of graphite/talcum pow-
der double-coated glass fibre felt com-

FIBRES & TEXTILES in Eastemn Eurgpe 2021, Vol. 29, 4(148)

posites with different contents of tal-
cum powder (underlying coating) were
prepared. The thickness of graphite was
0.5 mm and the content 40%. The thick-
ness of talcum powder was 0.5 mm and
the content 0%, 10%, 20%, 30%, 40% &
50%, respectively.

As can be seen from Figure 9, when
the frequency is less than 10* Hz, the
value of the real part of the dielectric
constant for graphite/talcum powder
double-coated glass fibre felt compos-
ites shows a gradually decreasing trend
with increasing frequency, which is larg-
est when the talcum powder content is
40%. When the frequency is between
10% Hz and 107 Hz, the values of the real
part of the dielectric constant are almost
the same. As can be seen from Figure
10, when the frequency is less than 104
Hz, the value of the imaginary part of
the dielectric constant is largest when

10" 107

103 104 105 108

Frequency, Hz

107

Figure 13. Influence of talcum powder content on the imaginary
part of the conductivity.

the talcum powder content is 60%, and
thus the loss of electromagnetic waves is
largest. When the frequency is 100 Hz,
the value of the imaginary part of the
dielectric constant of graphite/talcum
powder double-coated glass fibre felt
composites reaches the maximum value.
As can be seen from Figure 11, the loss
tangent value of graphite/talcum powder
double-coated glass fibre felt composites
shows an overall trend of first increasing
and then decreasing. When the talcum
powder content is 40%, the maximum
value of the loss tangent value for the
composites is achieved, and when the
frequency is larger than 103 Hz, the loss
tangent values are nearly the same.

As can be seen from Figure 12, when
the frequency is smaller, the values of the
real part of the conductivity of graphite/
talcum powder double-coated glass fibre
felt composites are the same. Thus, the
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talcum powder content has little influ-
ence on the real part of the conductivity
for fibre these composites, and the val-
ue is almost zero. When the frequency
is larger, this value gradually increases.
Among the samples, the increase was
most pronounced when the talcum pow-
der content was 40%, which means that
the energy conversion is the largest. As
can be seen from Figure 13, when the
frequency is smaller, the talcum powder
content has little influence on the im-
aginary part of the conductivity. When
the frequency is larger, the value of the
imaginary part of the conductivity rap-
idly decreases. Among the samples, the
decrease in the value of the imaginary
part of the conductivity of graphite/tal-
cum powder double-coated glass fibre
felt composites is most pronounced when
the talcum powder content is 30%, which
means that the energy conversion is the
smallest.

B Conclusions

(1) When the frequency is less than
103 Hz, the values of the real and imag-
inary parts of the dielectric constant for
graphite/talcum powder double-coated
glass fibre felt composites are both larg-
est when the surface graphite content is
50%. The next largest values are when
the surface graphite content is 30% and
40%, respectively. With increasing fre-
quency, the loss tangent value of glass
fibre felt composites increases first and
then decreases, with the largest loss tan-
gent value occurring when the graphite
content is 40% and 50%, respectively.

(2) When the frequency is less than
10* Hz, the value of the real part of the
dielectric constant of glass fibre felt
composites is largest when the talcum
powder content is 40%. The value of
the imaginary part of the dielectric con-
stant of glass fibre felt composites is
largest when the talcum powder content
is 60%. When it is 40%, the maximum
loss tangent value for the composites is
achieved.
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